Abstract: In this paper we attempt to make a theoretical comparison between fuzzy sets and vague sets in processing uncertain queries. We have designed an architecture to process uncertain i.e. fuzzy or vague queries. In the architecture we have presented an algorithm to find the membership value that generates the fuzzy or vague representation of the attributes with respect to the given uncertain query. Next, a similarity measure is used to get each tuples similarity value with the uncertain query for both fuzzy and vague sets. Finally, a decision maker will supply a threshold or α-cut value based on which a corresponding SQL statement is generated for the given uncertain query. This SQL retrieves different result sets from the database for fuzzy or vague data. It has been shown with examples that vague sets give more accurate result in comparison with fuzzy sets for any uncertain query.
Introduction
fuzzy relational database models, such as similarity-based relational model [6] , possibility-based relational model [7] and some types of hybrid data models [8] have been proposed to model fuzzy information in relational databases. However, the most important issue in the utilization of any database system lies in its ability to process information and queries correctly. Several authors [9] - [12] have contributed to provide a theoretical contribution to query language for a fuzzy database model. In particular, Bosc et al. [11] and Nakajima [12] have extended the well known SQL language in the framework of fuzzy set theory and have developed a fuzzy SQL language, called SQLf.
It is believed that vague sets, proposed by Gau et al. [13] in 1993, that use interval-based membership values have more powerful ability to process imprecise information than traditional fuzzy sets. Thus the notion of vague sets has also been incorporated into relations in [14] and a vague SQL (VSQL) has been described. The VSQL allows the users to formulate a wide range of queries that occur in different modes of interaction between vague data and queries. In [15] , Zhao and Ma have proposed a vague relational database model which is an extension of the classical relational model. Based on the proposed model and the semantic measure of vague sets, they have also investigated vague querying strategies and have given the form of vague querying with SQL.
In this paper, we have made an attempt to make a theoretical comparison between fuzzy sets and vague sets in processing uncertain queries. Firstly, we have designed an architecture to test uncertain queries. Next, we have presented an algorithm to retrieve membership values for imprecise data represented by fuzzy or vague sets. A similarity measure is then used to calculate each tuple's similarity value with the uncertain query for both fuzzy and vague sets. Finally, the decision maker provides a threshold value or α-cut based on which a corresponding SQL statement is generated for the given uncertain query. This SQL retrieves different result sets from the database for fuzzy data or vague data. In the present study, we have considered an Employee database and processed some uncertain queries using fuzzy data as well as vague data. Each time it has been observed that vague sets give more accurate result in comparison to fuzzy sets.
The rest of the paper is organized as follows. Section 2 presents some basic definitions related to fuzzy and vague sets. Similarity measure between two vague data is also defined in the same section. Section 3 represents an architecture for processing uncertain queries. In Section 4, an algorithm has been designed to get the appropriate membership value and represent domain value of fuzzy or vague attributes into fuzzy form or vague form. Section 5 establishes that a vague set is more appropriate than fuzzy set with real life examples. The concluding remarks appear in Section 6.
Basic Definitions
In this section, we introduce some basic concepts related to fuzzy and vague sets and similarity measure of two vague sets which have been utilized throughout the paper. Let U be the universe of discourse where an element of U is denoted by u.
Fuzzy Set
Definition 1. A Fuzzy set F in the universe of discourse U is characterized by a membership function µ F : U → [0, 1] and is defined as a set of ordered pairs F = {⟨u, µ F (u)⟩ : u ∈ U } where µ F (u) for each u ∈ U denotes the grade of membership of u in the fuzzy set F .
Vague Set
Definition 2. A vague set V in the universe of discourse U is characterized by two membership functions given by: slowromancapi@. a truth membership function t V : U → [0, 1] and slowromancapii@. a false membership function f V : U → [0, 1], where t V (u) is a lower bound of the grade of membership of u derived from the 'evidence for u', and f V (u) is a lower bound on the negation of u derived from the 'evidence against u', and
] is said to be the vague value to the object u and is denoted by V V (u).
For example, in disease diagnosis process of a medical system, the vague value [0.3, 0.6] can be interpreted as "the report of disease in favour is 30%, against is 40% and another 30% is indeterminable". The precision of knowledge about u is clearly characterized by the difference
. If this is small, then the knowledge about u is relatively precise. However, if it is large, we know correspondingly little. If t V (u) is equal to (1 − f V (u)), the knowledge about u is precise, and vague set theory reverts back to fuzzy set theory. If t V (u) and (1 − f V (u)) are both equal to 1 or 0, depending on whether u does or does not belong to V , the knowledge about u is exact and the theory goes back to that of ordinary set. Thus any crisp or fuzzy set may be considered as a special case of vague sets.
Similarity Measure
There have been some studies in literature which discuss the topic concerning how to measure the degree of similarity between vague sets [16] - [19] . In [19] it was pointed out by Lu et al. that the similarity measures defined in [16] - [18] did not fit well in some cases. They have proposed a new similarity measure between vague sets which turned out to be more reasonable in more general cases. The same has been used in the present work which is defined as follows: 
Let SE(x, y) denote the similarity measure between x and y. Then
Definition 4. Similarity Measure between two vague sets Let U = {u 1 , u 2 , u 3 , · · · , u n } be the universe of discourse. Let A and B be two vague sets on U ,
and 1 ≤ i ≤ n. Now, the similarity measure between A and B, denoted by SE(A, B) is defined as:
and
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Architecture for Processing Uncertain Query
Below is the architecture for processing an imprecise or uncertain query.
Figure 1: Uncertain Query Processing Architecture
Working principle of all components of the above proposed architecture is given below:
Input: A relational database with fuzzy or vague attributes, uncertain query, threshold value or α-tolerance value given by Decision Maker.
Fuzzy/Vague Interface:
It has two components, namely, Fuzzy/Vague Interpreter and Fuzzy/Vague SQL. Fuzzy Interpreter: In this phase, the fuzzy attributes as well as the fuzzy data are identified from the given fuzzy query. Next, the fuzzy interpreter represents all domain values of each of the fuzzy attributes. Algorithm 1 presented below in section 4 is then used to determine membership value for each domain value of all the fuzzy attributes. This gives us the fuzzy representation of the attributes with respect to the fuzzy data identified from the given query. The above fuzzy representation is then converted to a corresponding vague form whose truth membership value is same as the membership calculated in the fuzzy representation and false membership value is (1-truth membership value). After that a suitable similarity measure formula is to be used to measure the similarity between vague representation of each fuzzy attribute and the corresponding vague representation of the relevant fuzzy data given in the uncertain query.
The same method will be applied for all fuzzy attributes appearing in the fuzzy query. If the query has more than one fuzzy attribute, then the similarity measure of tuples is obtained as the intersection of the similarity measures for each attribute.
Vague Interpreter: In this case, the vague attributes and the vague data are identified from the given uncertain query. Next, the vague interpreter will represent all domain values of each of the vague attributes. Algorithm 1 is now used to get the truth membership values of the vague attributes while the decision maker will supply the false membership values with the condition that the sum of truth and false membership values should not exceed 1. After that, as before, a similarity measure formula is used to measure the similarity between each vague representation of a domain value and vague data given in the query. If the query has more than one vague attribute, once again the intersection of the similarity measures for individual attributes will give the similarity measure of tuples. Fuzzy/Vague SQL: In this phase, the decision maker will supply a threshold value or α-cut value based on which a corresponding SQL statement for the given uncertain i.e., fuzzy or vague query will be generated. Output: Finally, the SQL generated above is submitted to the database to get the desired result.
Algorithm for finding Membership Value
The following algorithm finds the membership value for each domain value of fuzzy or vague attributes with respect to fuzzy or vague data given in the uncertain query. Now, we need to find the membership value using the formula specified in the algorithm 1: The fuzzy representation of the EMP relation w.r.t. uncertain query 1 is now depicted in Table 2 . In particular, the fuzzy representation of the attribute Age appears in third column of the Table 2 . Next in fourth column, we have shown the corresponding vague representation of these fuzzy data. These vague values are then used to find the similarity measures (S.M.) with fuzzy data around 50 whose vague representation is < 50, [ Table 2 :
Now, if the threshold value or α-cut given by the decision maker is 0.95, then the corresponding SQL statement of the uncertain query 1 is generated as below: Select * from EMP where S.M.(tuple)≥0.95 which retrieves the following resultant tuples given in Table 3 from the EMP database in Table 2 . 
.93605 = 0.97 and so on.
The Table 4 given below shows the complete vague representation of EMP relation w.r.t. the uncertain query 1.
with the same threshold or α-cut value 0.95, the following SQL statement of the uncertain query 1 for vague set will be generated: Select * from EMP where S.M.(tuple)≥0.95 which now retrieves the following resultant tuples given in Table 5 from the EMP database for vague set in Table 4 . It may be noted from Tables 3 and 5 that vague set gives better solution than fuzzy set since the SQL statement with vague query does not retrieve the tuple of Prof. Dutta with age 54 that has been fetched with the fuzzy query. It may be observed that 54 is less closer to 50 compared to the values of the attribute Age in all the other tuples retrieved by the SQL statement.
Next, we consider an uncertain query where more than one attribute are fuzzy or vague in nature. Uncertain query 2: "Find the details of the Professors whose age is around 50 and experience is more or less 25". Here, µ 1 denotes the similarity measures of Age attribute with respect to FD Age around 50 [for detail calculation see Table 2 ], µ 2 denotes the similarity measures with respect to fuzzy attribute Exp, and µ = µ 1 ∩ µ 2 denotes the similarity measures of tuples.
Then, the result is tested for different threshold or α-cut values given by the decision maker. Case a) for α=0.95, the SQL statement is Select * from EMP where α ≥0.95 which retrieves the resultant Table 7 from Table 6 as follows: Tables 7 and 10 it may be observed that the resultant sets of the uncertain query 2 for both fuzzy data and vague data are same for the threshold value α=0.95. However, when the same query is tested with α-cut value 0.87, Tables 8 and 11 show that the vague sets certainly gives better result than fuzzy sets because vague SQL has not retrieved the tuple Prof. Dutta with age 54 and experience 33 which is not so closer to age 50 and experience 25. 
Conclusions
In this paper, we have proposed an architecture to process uncertain queries represented by fuzzy or vague data. We have also presented an algorithm that generates the fuzzy or vague representation of the attributes with respect to the given uncertain query. Similarity measure presented in definition 3 is used to find similarity measure of tuples w.r.t the given uncertain query in fuzzy or vague representation. Then the proposed architecture has been verified for uncertain queries using a real life example, both for the fuzzy as well as vague representation. In each case it has been observed that vague sets have produced more accurate result in comparison to fuzzy sets. Hence a vague relational database model may be more fruitful in processing real life data and queries than the conventional fuzzy data models. A DBMS that implements this vague set theoretic concept can thus become a more powerful software product than those currently available.
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